CONCLUSIONS:
Patients who are frequently admitted to US academic medical centers are likely to have multiple complex chronic conditions and may have behavioral comorbidities that mediate their health behaviors, resulting in acute episodes requiring hospitalization. This information can be used to identify solutions for preventing repeat hospitalization for this small group of patients who consume a highly disproportionate share of healthcare resources. The national healthcare improvement paradigm is shifting toward a more comprehensive, value-focused, and patient-centered approach. Reducing hospital readmissions has become a focal point as a policy strategy to improve care quality while reducing cost. Section 3025 of the Affordable Care Act mandated the Centers for Medicare and Medicaid Services to make progressive reductions in Medicare payments to hospitals that have higher than expected readmission rates for 3 conditions (heart failure, acute myocardial infarction, and pneumonia), and expanding to include chronic obstructive pulmonary disease and total hip and knee arthroplasty in 2015. 1 In response, hospitals and systems are developing and implementing programs that coordinate care beyond hospital walls to reduce readmissions and healthcare costs. 2, 3 However, patients are readmitted for a variety of reasons, and programs that address the needs of some may not address the distinct needs of others. Understanding the characteristics of patients with frequent readmissions will permit the wellinformed creation of solutions specific to this population to reduce cost, free resources, and provide better care.
Although a solid body of literature already exists that describes the characteristics of patients who frequently visit the emergency department (ED), [4] [5] [6] [7] [8] [9] [10] [11] [12] it is not clear to what extent these characteristics also apply to patients with frequent hospital admissions. Frequent ED visitors have been found to be largely insured (85%) although with over-representation of public insurance, and to be heavy users of the healthcare system overall. 6 A high disease burden associated with multiple chronic conditions has been found to predict frequent ED use. 4, 9, 11, 12 Some characteristics may vary by location; for example, alcohol abuse and psychiatric morbidity have been found to be associated with frequent ED use in New York and San Francisco, but it is not clear to what extent they are a factor in less urban areas. 4, 6, 12 Several previous studies have investigated the characteristics of frequently admitted patients at single sites. [13] [14] [15] [16] Nguyen et al. (2013) studied patients with the highest costs and the most admissions at a large academic medical center in San Francisco. 13 "High admit" patients were defined as those responsible for the top decile of admissions, and were grouped into equal-sized high-and low-cost cohorts. The high-admission/high-cost group represented 5% of all patients, 25% of all costs, and 16% of all admissions. These patients were hospitalized primarily for medical conditions (78%) and had a high 30-day readmission rate (47%). The high-admission/low-cost group accounted for 5% of all patients, 12% of all admissions, and 7% of all costs. These patients were also predominantly admitted for medical conditions (87%), with the most common admitting diagnoses representing respiratory, gastrointestinal, and cardiovascular conditions. 13 Hwa (2012) conducted an analysis of 29 patients admitted 6 or more times in 1 year to an inpatient medical service in San Francisco.
14 These patients represented just 1% of all patients, but 13% of readmissions. Fiftyfive percent of these patients had a psychiatric diagnosis, and 52% had chronic pain. Ninety percent had a primary care physician in the hospital system, 100% were insured either privately or publicly, and 93% had housing, although for 17% housing was described as marginal. 14 In a third study, Boonyasai et al. (2012) identified 76 patients with 82 readmissions at a Baltimore, Maryland, hospital and classified them as "isolated" (1 readmission per 6-month period) or "serial" (more than 1 readmission per 6-month period) readmissions. 15 Patients with serial readmissions accounted for 70% of the total. Isolated readmissions were most likely to be related to suboptimal quality of care and care coordination, whereas serial readmissions were more likely to result from disease progression, psychiatric illness, and substance abuse. 15 All of these studies were conducted at single-site academic medical centers serving inner city populations. We undertook this study to identify patient and hospital-level characteristics of frequently admitted patients in a broad sample of 101 US academic medical centers to determine whether previously reported findings are generalizable, and to identify characteristics of frequently admitted patients that can inform interventions designed to meet the needs of this relatively small but resource-intensive group of patients.
METHODS
All data were obtained from the University HealthSystem Consortium (UHC) (Chicago, IL) Clinical Data Base/ Resource Manager TM (CDB), a large administrative database to which UHC principal members submit comprehensive administrative data files. UHC's principal members include approximately 120 US academic medical centers delivering tertiary and quaternary care, with an average of 647 acute care beds. The CDB includes primary and secondary diagnoses using International Classification of Diseases, Ninth Revision (ICD-9) 17 codes. The data of 101 academic medical centers with complete datasets for the study period (October 1, 2011, to September 30, 2012) were included in this analysis. Frequently admitted patients were defined as patients admitted 5 or more times to the same facility in a 12-month period; all admissions were included, even those more than 30 days apart. This definition was established based on a naturally occurring break in the frequency distribution ( Figure 1 ) and our intention to focus on the unique characteristics of patients at the far right of the distribution. We excluded obstetric (MDC 14, ICD-9) 17 admissions and pediatric (<18 years of age at index admission) patients, as well as admissions with principal diagnoses for chemotherapy (ICD-9 diagnosis codes v5811-v5812), dialysis (ICD-9 diagnosis codes v560-v568), and rehabilitation (ICD-9 diagnosis codes v570-v579), which are typically planned. The Agency for Healthcare Research and Quality (AHRQ) comorbidity software was used to identify comorbid conditions, 18, 19 and a score based on the Elixhauser comorbidity measures was calculated using a modified acuity point system. 20 For comparisons based on safety net status, we used a definition of payer mix being 25% Medicaid or uninsured.
Our analyses included patient demographics, admission source and discharge status, clinical diagnoses, procedures, and comorbidities, cost, and length of stay. Patients defined as frequently admitted were compared in aggregate to all other hospitalized patients (all other admissions).
To evaluate associations, we used v 2 tests for categorical variables and t tests for continuous variables. When comparing the non-normally distributed comorbidities of the control group to the normally distributed comorbidities of the frequently admitted patients, we performed a Kruskal-Wallis test on the medians.
RESULTS
During a 1-year period (October 1, 2011, to September 30, 2012), 1,758,027 patients were admitted 2,388,124 times at 101 academic medical centers. Of these, 28,291 patients had 5 or more admissions during this period, resulting in 180,185 admissions. These frequently admitted patients represented 1.6% of all patients ( Figure 1 ) and 7.6% of all inpatient admissions. By comparison, non-frequently admitted patients were admitted once (79%), twice (14%), 3 times (4%), or 4 times (2%).
Among hospitals, the volume and impact of frequently admitted patients varied widely. The frequently admitted patient population ranged from 64 patients (0.7% of all patients) to 785 patients (3.5%), with an average of 280 patients (1.6%). To look for differences that might explain this range, we compared hospitals in the top and bottom deciles with respect to geographic region and to safety net status, but found no significant or meaningful differences. The average number of admissions per patient was 6.4, with a range of 5 to 76. Days per patient ranged from 5 to 434 days, with an average of 42. The average patient-day percentage (frequently admitted patient days/total patient days) was 8.4%, and ranged from 3.2% to 15.4%.
Frequently admitted patients were more likely to be younger than all other patients (71.9% under the age of 65 years, as compared with 65.3% of all other patients (P < 0.001)). They were also more likely to have either Medicaid or no healthcare insurance (27.6% compared with 21.6%, P < 0.001), although nearly three-quarters had either private insurance or Medicare coverage.
Eighty-four percent of frequently admitted patient admissions were to medical services (vs 58% of all other patients (P < 0.001)). The admission status for Table 1 . No single primary diagnosis accounted for a large share of the admissions of these patients; the most common diagnosis, sickle cell disease with crisis, accounted for only about 4% of admissions. The 10 most common diagnoses accounted for <20% of all admissions. The remainder of the diagnoses was spread over more than 3000 diagnosis codes; only about 300 codes had more than 100 admissions each.
Secondary diagnoses were mainly chronic conditions, including hypertension, hyperlipidemia, esophageal reflux, and diabetes mellitus type 2 (Table 1. ) Combined, congestive heart failure and diabetes mellitus accounted for 43.3% of the secondary diagnoses of admissions of frequently admitted patients, but for only 28.6% of other patients. Acute kidney failure was more common in frequently admitted patients (13.8% vs 9.4% [P < 0.001]). Psychiatric disorders accounted for <1% of primary diagnoses for both frequently admitted patients and all other patients. As a secondary diagnosis, depressive disorder appeared in the top 10 for both groups, although more commonly for frequently admitted patients (15.4% vs 10.3% [P < 0.001]).
The most commonly performed principal procedures are also shown in Table 1 . These include hemodialysis (6.32%) and packed cell transfusion (4.49%), non-operating room procedures associated with chronic medical conditions.
Comorbidities were compared using the AHRQ comorbidity software. 18, 19 Comorbid conditions were counted once per patient, regardless of the number of admissions in which the condition was coded. Frequently admitted patients have a significantly higher mean number of comorbidities: 7.1 compared to 2.5 for all other patients (P < 0.001; Figure 2) . In an additional analysis using the Elixhauser comorbidity measures to determine acuity scores, the mean scores were 13.1 for frequently admitted patients and 3.17 for all others (P < 0.001). The most common comorbidities were hypertension (74%), fluid and electrolyte disorders (73%), and deficiency anemias (66%). The only behavioral health comorbidity that affected more than a quarter of frequently admitted patients was depression (40% as compared to 13% for all others).
Additionally, frequently admitted patients were significantly more likely to have comorbidities of psychosis (18% vs 5% [P < 0.001]), alcohol abuse (16% vs 7% [P < 0.001]), and drug abuse (20% vs 7% [P < 0.001]). Among hospitals, these comorbidities ranged widely: psychosis (3%-48%); alcohol abuse (3%-46%); and drug abuse (3%-58%). Hospitals with the highest rates (top decile) of frequently admitted patients with alcohol and drug abuse comorbidities were more likely to be safety net hospitals than those in the lowest decile (P < 0.05 for each independently), but no such difference was found regarding rates of patients with psychosis.
Although the frequently admitted patient population accounted for only 1.6% of patients, they accounted for an average of 8.4% of all bed days and 7.1% of direct cost. The average cost per day was $1746, compared to $2144 for all other patients (Table 2) .
DISCUSSION
An extensive analysis of the characteristics of frequently admitted patients at 101 US academic medical centers, from October 1, 2011 to September 30, 2012, revealed that these patients comprised 1.6% of all patients, but accounted for 8% of all admissions and 7% of direct costs. Relative to all other hospitalized patients, frequently admitted patients were likely to be younger, of lower socioeconomic status, in poorer health, and more often affected by mental health or substance abuse conditions that may mediate their health behaviors. However, the prevalence of patients with psychiatric or behavior conditions varied widely among hospitals, and hospitals with the highest rates of patients with substance abuse comorbidities were more likely to be safety net hospitals. Frequently admitted patients' diagnoses and procedures suggest that their admissions were related to complex chronic diseases; more than three-quarters were admitted to medicine services, and their average length of stay was nearly 7 days. No single primary diagnosis accounted for a predominant share of their admissions; the most common diagnosis, sickle cell disease with crisis, accounted for only about 4%. The cost of their care was lower than that of other patients, reflecting the preponderance of their admissions to medicine service lines.
In many ways, frequently admitted patients seem similar to frequent ED visitors. Their visits were driven by a high disease burden associated with multiple chronic conditions, and they were heavy users of the healthcare system overall. 4, 6 The majority of both groups were insured, although there was over-representation of public insurance. 6 As with frequent ED users, some frequently admitted patients are affected by psychiatric morbidity and substance abuse. 4, 12 Our results in some ways confirmed, and in some ways differed from, findings of prior studies of patients with frequent hospital admissions. Although each study performed to date has defined the population differently, comparison of findings is useful. Our population was similar to the high-admission groups identified by Nguyen et al. (patients responsible for the top decile of admissions). 13 These patients were also predominantly admitted for medical conditions, with common admitting diagnoses representing respiratory, gastrointestinal, and cardiovascular conditions. However, the median length of stay (3 days for the high-admission/low-cost group and 5 days for the high-admission/high-cost group) was lower than that of our population (5.5 days).
Hwa, who studied 29 patients admitted 6 or more times in 1 year to an inpatient medical service in San Francisco, 14 found that 55% of frequently admitted patients had a psychiatric diagnosis, higher than our patient population. Our findings are similar to those of Boonyasai et al. 15 whose "serial" readmitters had admissions resulting from disease progression, psychiatric illness, and substance abuse.
Our more nationally representative analysis documented a wide range of patient volumes and clinical characteristics, including psychiatric and substance abuse comorbidities, across study hospitals. It demonstrates that different approaches-and resources-are needed to meet the needs of these varied groups of patients. Each hospital must identify, evaluate, and understand its own population of frequently admitted patients to create well-informed solutions to prevent repeat hospitalization for these patients.
Our ability to create a distinctive picture of the population of frequently admitted patients in US academic medical centers is based on access to an expansive dataset that captures complete diagnostic and demographic information on the universe of patients admitted to our member hospitals. The availability of clinical and administrative data for the entire population of patients permits both an accurate description of patient characteristics and a standardized comparison of groups. All data conform to accepted formats and definitions; their validity is universally recognized by contributing database participants.
Limitations
There are several important limitations to our study. First, patients with 5 or more admissions in 1 year may be undercounted. The UHC Clinical Data Base/ Resource Manager TM only captures readmissions to a single facility; admissions of any patient admitted to more than 1 hospital, even within the UHC membership, cannot be determined. This could have a particularly strong effect on our ability to detect admissions of patients with acute episodes related to psychiatric illness or substance abuse, as they may be more likely to present to multiple or specialty hospitals. Additionally, readmission rates vary among UHC-member hospitals, based to some extent on geography and the availability of alternative settings of care.
It is possible that surveillance bias played a role in our finding that frequently admitted patients have a significantly higher mean number of comorbidities; each admission presents an opportunity to document additional comorbid conditions. Psychiatric conditions may be underdocumented in medical settings in academic medical centers, where the focus is often on acute medical conditions. Additionally, certain data elements that we believe are central to understanding the characteristics of frequently admitted patients are not part of the UHC Clinical Data Base/Resource Manager TM and were therefore not a part of our analysis. These highly influential upstream determinants of health include documentation of a primary care physician, housing status, and access to services at discharge.
CONCLUSION
The valuable information reported from analysis of nearly 2 million patients in the UHC Clinical Data Base/Resource Manager TM can be used to better understand the characteristics of frequently admitted patients. This important cohort of individuals has complex care needs that often result in hospitalization, but may be amenable to solutions that allow patients to remain in their communities. By understanding the demographic, social, and medical characteristics of these patients, hospitals can develop and implement solutions that address the needs of this small group of patients who consume a highly disproportionate share of healthcare resources.
